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Abstract

Purpose Treatment for hallux valgus (HV) remains challenging. Third-generation percutaneous procedures try to reproduce
chevron-type osteotomies to replicate their benefits, such as intrinsic stability and reproducibility. We report the first results
using a percutaneous, intra-articular, chevron osteotomy (PeICO) technique that mimics the classic intra-articular open chev-
ron procedure, associated with a percutaneous adductor tendon release (PATR) for the treatment of mild-to-moderate HV.
Methods From May 2015 to October 2018, a total of consecutive 114 feet (74 patients) were included. Primary outcome
measures included radiographic (hallux valgus and intermetatarsal angles) and clinical parameters such as visual analog
scale (VAS), FAAM Activities of Daily Living (ADL), and FAAM Sport, AOFAS Score, and MOXFQ, preoperatively and
at final follow-up (Minimum 18 months). A patient satisfaction survey was also performed. Pronation and length of the first
metatarsal were also assessed. Secondary outcomes included fluoroscopic time, length of surgery, complications, recurrence,
and re-operation rates.

Results At 24.09 months on average, the AOFAS score improved from 52.1 points preoperatively to 91.1 (p <0.001) at the
latest follow-up. VAS decreased from 6.3 to 1. Also, FAAM ALD, FAAM Sport, and MOXFQ showed statistically signifi-
cant differences (p <0.001) when comparing pre-operative and post-operative periods. Patients found the procedure to be
excellent in 82% and very good in 13.5% of cases. Our global complication and re-operation rates were 5.26% and 3.5%
(screw removal), respectively.

Conclusion PeICO combined with PATR proved to be a safe, reliable, and effective technique for the correction of mild-to-
moderate HV deformity.
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Introduction

Treatment for hallux valgus (HV) remains challeng-
ing. It continues to have a high patient dissatisfaction
rate (10.6%), and post-operative first metatarsophalan-
geal (MTP) pain remains at 1.5% [1], which means that
the search for a better procedure must continue. Oste-
otomies—especially chevron-type—continue to be the
method of choice to correct HV deformities [2, 3].

To improve the outcomes, percutaneous surgery (PS)
or MIS (“minimally invasive surgery”) has been involved
in the process of continuous change [4]. Third-generation
or 3G [5-9] procedures reproduce chevron-type osteoto-
mies to replicate their benefits, such as intrinsic stability
and reproducibility. They are divided into extra-articular
and intra-articular osteotomies. However, there is cur-
rently insufficient evidence to recommend PS over open
procedures or to recommend one percutaneous approach
over another for HV treatment [10, 11].

We report a prospective case series using a percutane-
ous, intra-articular, chevron osteotomy (PeICO) technique
for the treatment of mild-to-moderate HV. PeICO tech-
nique is the first published PS technique mimicking the
classic intra-articular open chevron procedure. A cadav-
eric study showed that it is a safe and reliable procedure
[12].

Materials and methods

From May 2015 to October 2018, a total of 177 consecutive
patients underwent surgical treatment of unilateral/bilateral,
painful, mild-to-moderate HV after the failure of conserva-
tive treatment. The Bioethics Committee approved the study
of our institution. Exclusion criteria for this study included
stiffness of first MTP joint described as less than 75° of the
full range of motion (ROM) measured by placing a lateral
goniometer, osteoarthritis of the MTP-1-joint (grade 1-3),
rheumatoid arthritis, patients with diabetes, neurological dis-
orders, hypermobility of the first tarsometatarsal joint, and
previous surgery on the same foot. After patient exclusion,
114 feet of 74 patients were included (Fig. 1). The drop-out
rate (lost to follow-up) was 30.8%. A 13-year-experienced
MIS surgeon performed all the PeICO procedures in asso-
ciation with percutaneous adductor tendon release (PATR).

The radiographic evaluation included pre- and post-oper-
ative assessment (minimum follow-up of 18 months) of hal-
lux valgus angle (HVA), intermetatarsal angle (IMA), and
distal metatarsal articular angle (DMAA). The severity of
hallux valgus was classified according to the HVA (<15°,
normal; less than 20°, mild; less than 40°, moderate; equal to
or more than 40°, severe) and the IMA (<9°, normal; 9-11°,
mild; 12-17°, moderate; > 18°, severe). The tibial sesamoid
position (TSP) was assessed, and the position was classified

Fig. 1 Inclusion flowchart

289 feet from 177 patients were screened

Hallux valgus (HVA between 15 and < 40°)
May 2015 - October 2018
Age>16
> 2 weight-bearing foot radiographs
(AP and lateral view)
> 18 months follow-up

122 from 70 patients were excluded

40 Prior foot surgery

22 Comorbility
8 Inadequate radiograph

167 feet from 107 patients

53 from 33 patients Lost to follow up

23 Could not be contacted
10 Refused to visit the outpatient

114 feet from 74 patients were included
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as grade I to VII. First, metatarsal length and post-operative
shortening were also evaluated.

Patients were also evaluated by measuring the range of
motion (ROM) of the first MTP joint, pre-operatively and at
final follow-up (minimum 18 months). ROM was classified
as normal (>75°), moderate stiffness (30-74°), severe stiff-
ness (< 30°), or extension (< 30°).

The first metatarsal head pronation was also assessed
using a modification of Yamaguchi’s method [13] (0 to 30°),
based on a weight-bearing AP view. Recurrence was defined
as an HVA of more than 15° at final follow-up. The length
of the first metatarsal was also measured.

Clinical outcomes were assessed using the visual analog
scale (VAS), FAAM ADL and FAAM Sport, AOFAS Score,
and MOXFQ, pre-operatively and at final follow-up (mini-
mum 18 months). A patient satisfaction survey was also
performed, asking patients to assess their scale of satisfac-
tion (scores from 1 to 5:1, unsatisfactory; 2, satisfactory; 3,
good; 4, very good; 5, excellent) and whether they would go
through the same technique again (question 2: yes/no). All
patients were invited to complete the FAAM ADL, FAAM
Sport, MOXFQ, VAS, and satisfaction scales by email.

Fluoroscopic time and length of surgery were recorded.
Complications were identified by either the patient or the
surgeon in outpatient clinics. We used a modification of
the reliable adapted Clavien-Dindo-Sink classification for
HV surgery and that already assessed a 3G procedure [14]
(Table 2). The re-operation rate and screw removal were
also evaluated.

Operative technique

The technique can be divided into five steps:

1. A 2.0-mm K-wire was slid percutaneously in the medial
surface of the first toe in a distal-to-proximal orienta-
tion. A medial portal (P1) was made with a percutane-
ous surgical blade (SM69, Swann-Morton®) in the limit

between the proximal 1/3 and the distal 2/3 of the IMT
head (Fig. 2a—c).

2. A percutaneous dorsal capsular release was made to
allow lateral displacement of the first metatarsal head.
The hallux must be passive dorsiflexed (30°) to pre-
vent soft tissue lesions (Fig. 2d, e). Then, the ISFS was
inserted in a medial-to-lateral direction (until reaching
the lateral cortex) through the 1IMT head to create the
apex of the osteotomy. The dorsal limb describes a 20°
angle proximally oriented while the plantar limb is par-
allel to the floor. It creates two limbs forming the 90°
angle of a chevron osteotomy (Fig. 3a—d).

3. First metatarsal displacement—the lateral shift (up to
60%) was performed through a 2-mm K-wire and an
angled stem probe. The probe was inserted through the
osteotomy, and the K-wire was advanced until proper
correction was achieved (Fig. 3e, f).

4. Then, a dorsomedial portal (P2: ~15 mm proximal and
3 mm dorsal than the P1) was made for osteotomy stabi-
lization. We prefer to use a 3.5-mm cannulated conical
screw inserted from dorsal-medial to a lateral-plantar
direction at a 45° orientation. After the 2-mm K-wire
was removed, a resection of the medial eminence was
made through portal 2 using a wedge burr 3.1 (Fig. 4).

5. PATR (percutaneous adductor tendon release) was per-
formed in association with all PeICO procedures, fol-
lowing published descriptions [15, 16].

6. A first metatarsal (base) percutaneous Akin was added
through a medial portal in cases of persistent valgus of
the great toe, using a weight-bearing intraoperative test
(Fig. 5).

Statistical analysis

All statistical analyses were performed using R version
4.0.2. The different variables between each posterior and

Fig.2 Medial portal (P1) location. (a, b) Limit between the proximal 1/3 and the distal 2/3 of the first metatarsal head. (¢) Anteroposterior

fluoroscopic view. (d, e)
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Fig.3 PelCO osteotomy. (a,
b) Bicortical insertion of Burr.
(¢) Dorsal limb of osteotomy.
(d) Plantar limb. (e, f) First
metatarsal

Fig.4 Resection of proximal
medial eminence. (a-c) Resec-
tion made through portal 2
using a wedge Burr 3.1
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Post-op 6 weeks |Post-op 4 months

Nom

Fig.5 Patient #73. Preoperative, 6th week and 4th month postoperative. Anteroposterior and lateral radiographic view

anterior patient records were constructed, and their normal-
ity was analyzed using the Shapiro—Wilk test. Statistical
significance was defined as a p value of <0.05.

Results

The mean age was 45 years (range, 20-75; SD 14), with
69 female and five male patients. The mean follow-up was
24.08 months (range, 18-49; SD 8.53). The mean BMI was
27 +4.3 kg/m2. We found 60.6% (69 feet) with mild and
39.4% (45 feet) with moderate HV deformity. The proce-
dures additional to PeICO were one patient (1.35%) needed
a DMMO (distal metatarsal minimally invasive osteotomy)
of second-to-fourth metatarsals for the treatment of cen-
tral metatarsalgia; five, sliding DMMO for the treatment
of Tailor’s bunion; three, percutaneous osteotomies of the

proximal phalanx for lesser toes deformities (2 to 4 toes);
and four, Akin osteotomies for the proximal phalanx of the
first toe because of residual phalanx malalignment.

The entire patient population presented normal ROM
(=>75°) in the post-operative period. The preoperative total
ROM of the first MTP joint, the plantarflexion, and the
dorsiflexion were measured as 104° (normal ROM), 27.7°,
and 75.8°, respectively. Following the operation, the values
were 96.1°, 25.2°, and 70.9°. Following the operation, the
total ROM in the first MTP joint was reduced by 7.4 +2.3°
(p <0.001). Passive dorsiflexion decreased by 4.9 +1.5°
(p<0.001) and passive plantar flexion by 2.5+ 0.8°
(p<0.001).

Pre-operatively, 58 feet (51.6%) had radiological signs
of pronation. The average rotation deformity was 4.45°
(range 0 to 30; SD 6.5). According to recommendations,
five patients (2 of 20°, 2 of 30°, and 1 of 25°) needed

Table 1 Radiological and

o Preop* (SD) Postop* (SD) Dif P value
clinical outcomes after PeICO
IMA, degrees 12.51+1.49 7.89+0.61 4.62 <0.001
HVA, degrees 28.3+5.08 11.13+£3.74 17.17 <0.001
TSP (7-part), mm 3.63+0.84 1.69+0.54 1.94 <0.001
First metatarsal length, mm 60.9+1.56 58.6+1.44 2.3 0.028
VAS 6.3+2.1 1+1 53 <0.001
AOFAS 52.1+12 91.1+7 39 <0.001
FAMM 65.4+18.1 92.8+8.2 274 <0.001
FAMM Sports 58.9+21.9 92.5+12.5 33.6 <0.001
MOXFQ 40.02 +20.15 5.37+6.47 34.83 <0.001

Abbreviations: Preop preoperative; Postop postoperative; IMA intermetatarsal angle; HVA hallux valgus
angle; TSP tibial sesamoid position; Dif difference; Av average; SD standard deviation
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rotation. Although a rotational PeICO could have bene-
fited these patients, radiological correction (average cor-
rection of IMA was 2.5°; HVA 9.14°; and TSP 1.4 mm)
and clinical outcomes showed similar results compared to
non-pronation cases.

Patients found the procedure to be excellent in 82% of
cases (61 feet), very good in 13.5% (10 feet), and good in
4.1% (three feet). Clinical and radiological results are sum-
marized in Table 1.

Fluoroscopic time was 19 seconds (range 11 to 38; SD
6.7). The average length of surgery was 25.4 minutes (range
16 to 50; SD 6.5).

Our global complication rate was 5.26% (6 feet). We had
one (0.8%) major complication: a transfer metatarsalgia (to
the second metatarsal) successfully treated with insoles. The
minor complications presented were the following: three
(2.6%) soft tissue irritations that needed screw removal
after at least four months post-operatively; one (0.8%) case
of superficial infection that needed oral antibiotic treatment
for 14 days; one patient (0.8%) presented superficial skin
necrosis, but no further surgical debridement was required.
We observed no other complications involving the additional
procedures. Finally, there was a reoperation rate of 3.5% for
screw removal.

Discussion

The most important finding of the present study is that for
the first time, a PS technique mimicking the intra-articu-
lar open chevron technique showed reliable and sustained
radiological, clinical, and satisfaction outcomes, as demon-
strated by other percutaneous procedures [9, 17]. Based on
the results found in this study, PeICO can be indicated in
mild-to-moderate HV deformities.

Reducing TSP has been proposed as a preventive factor
for recurrent HV deformity. Chen et al. [18] recommend
correcting the TSP to grade IV or less to improve functional
outcomes and patient satisfaction when treating HV. Also,
Kaufmann et al. [19] found that a chevron osteotomy can
significantly correct sesamoid position using a seven part
system from pre- to post-operative, and it remained stable
throughout the follow-up. Adductor tendon release was
shown to be a safe procedure when indicated on patients
aged 60 years and associated with a distal chevron oste-
otomy [20]. Recently, Del Vecchio et al. demonstrate that
PATR provides powerful and quantifiable correction of met-
atarsophalangeal valgus [21]. The present findings suggest
that PeICO associated with PATR can achieve adequate TSP
correction (average correction of 1.94 grades) without loss
of correction at final follow-up.

Pronation of the first metatarsal has been shown as a
risk factor for the formation and progression of HV [22,

@ Springer

23]. Therefore, the importance of correcting malrotation to
reach a good position and decrease the risk of HV recur-
rence has been progressively acknowledged. This must be
considered in the decision-making process, predominantly in
moderate-to-severe cases. Some authors indicate rotational
correction treatment when a considerable (> 15°) metatarsal
pronation is present [23]. Although five patients needed rota-
tion according to protocol, there were no clinical differences
between those with < 15° of pronation deformity.

Excessive shortening of the first metatarsal during first
metatarsal osteotomy represents a frequent risk factor for
transfer metatarsalgia to the second metatarsal head [24, 25].
This has been reported to occur at rates from 12 to 43% [26].
Recently, Kaufmann et al. showed significant shortening,
with a decrease from 62.2+5.3 to 58.8 £ 5.4 mm (P <0.001)
[19]. Nakagawa et al. [25] showed that post-operative short-
ening of the first metatarsal might lead to transfer metatar-
salgia. Their results were 60.6 +4.7 (range 52 to 73) in the
pre-operative period and 58.7 +4.7 (range 45 to 68) in the
post-operative period [26]. However, Greeff et al. found just
one case of transfer metatarsalgia, with a statistically sig-
nificant degree of shortening of the first metatarsal relative
length, when performing a modified Lapidus procedure. The
authors mentioned that the subsequent low transfer meta-
tarsalgia rate could be attributed to the sagittal plane cor-
rection and stability [27]. The series presented showed one
case of transfer metatarsalgia with a metatarsal shortening
of 3.2 mm (before surgery, it was 4.1 shorter than the second
metatarsal).

Stiftness of the MTP joint may be a challenging compli-
cation after HV correction, especially after intra-articular
procedures. Distal open chevron osteotomies showed rigid
MTP joints between 1.13 and 27.3% of cases [28]. First-
generation (1G) percutaneous osteotomies (Reverdin-Isham)
revealed a reduction of the ROM by 15° and moderate or
severe stiffness (ROM < 30°) in 2 to 100% of cases [29-31].
Also, Bosch-type procedures (2G) showed stiffness rates in
4 to 14% of cases [32, 33]. 3G techniques showed the low-
est rate of this postoperative complication: 0 to 7.7% [5,
34]. Although PeICO is a 3G intra-articular osteotomy, it
showed no postoperative stiffness. The reason that explains
these results may be that a dorsal capsulotomy is needed to
shift the first metatarsal head, and the fact that it does not
need a capsulorrhaphy may contribute to preserving motion;
patients were advised to do active and passive toe move-
ments after 4 weeks.

Recently, a systematic review showed that 2G or Bosch-
type osteotomies had an average complication rate of 10%
(6% major and 4% minor). 3G or chevron-type procedures
presented a 19% rate (8% major and 11% minor) [10]. In
the latter procedures, the authors mentioned that if the sub-
group (learning curve completed) of patients from the Jowett
and Bedi study [5] is excluded, the average complication
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rate reduces to 12%. Besides this, if we evaluate 2G or 3G
studies over 100 feet, the complication rate goes down to
13.4% (Table 2). Our results showed a lower complication
rate (5.26% between major and minor ones) than those of
2G or 3G type procedures. Indeed, using two or three screws
[5, 8, 14] or not using osteosynthesis [17] may lead to more
related complications (fracture of the lateral cortex, screw
skin irritation, and delayed bone union, respectively) and a
higher re-operation rate.

The average recurrence rate with chevron-type oste-
otomies is 19.1% (range, between 0 and 75.6%) [35-37].
Recurrence is defined as the clinical development of HV
after surgical correction (alignment). All patients in our
study underwent the PeICO procedure associated with a
PATR [15, 16] even in congruent MTP joints. This may have
contributed to preventing recurrence (no cases seen at final
follow-up).

Screw removal seems to be a frequent indication for a
new surgical procedure in 3G procedures [34, 38], rang-
ing from10 to 24%. Recently, Holme et al. [34] showed the
results of a MICA procedure for HV treatment, with a com-
plication rate of 10%, representing four patients that required
Akin screw removal due to soft tissue irritation. Also, Lee
et al. [38] presented a screw removal rate of 24% (6 out of
25 patients). Our screw removal rate was 2.6%. This com-
plication might be avoidable by using specific screws and/
or getting adequate oblique radioscopic images.

Some authors report the average mean operating time
of percutaneous chevron osteotomy as 64.3 min [7, 34, 39]
(range 44.3 to 94.3) to correct mild-to-severe HV deformi-
ties. PeICO proved to be a significantly faster procedure
(25.4 min on average). Further studies should assess whether
PelCO is cost-effective compared with other procedures.
Lai et al. showed a fluoroscopic time of 44.6+5.9 seconds
when performing a percutaneous chevron-Akin osteotomy
[6]. Recently, Palmanovich et al. showed that mean surgery
time was reduced to 45 minutes. The number of fluoroscopy
expositions was decreased to 70 after two years of experi-
ence doing MICA (advanced learning curve) [39]. The aver-
age fluoroscopy time of PeICO was 19 seconds. It seems
that using fewer screws is crucial, making PeICO faster and
dramatically diminishing the need for radiation exposure.

This study’s main limitation is the lack of a control group,
which would have been helpful to compare the results with
open chevron osteotomies. There is also inherent selection
and observer bias because the patients were recruited from
a single hospital. Also, surgeries were made by an experi-
enced surgeon. Although it can avoid a performance bias, a
complete percutaneous learning curve is needed to achieve
the results shown in this study.

The study had some strengths. First, we included a
large number of patients available for analysis. Second, the
MOXFQ score was used, which is a validated assessment

@ Springer

tool to record patient outcomes. Complications were divided
and comprehensively evaluated to make future analysis
easier.

Conclusion

To our knowledge, the present study is the first to describe
the radiological and clinical outcomes of a percutaneous
intra-articular chevron-type osteotomy that resembles an
open chevron. PeICO combined with PATR proved to be a
safe, reliable, and effective technique for correcting mild-
to-moderate HV deformity. This technique presented excel-
lent satisfaction rates at a minimum of 18 months of follow-
up. It also resulted in a significantly shorter operation and
fluoroscopic and a lower rate of surgical site infections when
compared with other techniques.
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